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Response of Cotton to 2,4-D and
Related Phenoxy Herbicides

By J. H. MIiLLER, Orops Rescarch Divigsion, Agricultyral Research Service, and
I. M. KesmrEx, J.° A, WiLkessoN, and C. L. Fox, Californiv Agricultural Baperi-

ment Station

Although 24-D and related
phenoxy herbicides h o ve been
widely nsed for the selective control
of weeds in many agricultural
crops, some crops can be easily dam-
aged by them. Studies on the re-
sponse of cotton to these herbicides
are reported in this bulletin.

In previous studies on the re-
sponse of cottor to ester formula-
tions of several phenoxy acids,

Behvens et al. (2)* showed that

! Ttalie pumvers in parentheses refer to
Liternture Cited, p. 28,

?24-D=24lichlorophenoxyacetic
acid; 24,5 T=245-trichloropliennxyice-
tic acitl; MOPA=2-methyl-4-chloraphen-
oxyacetie neid ; silvex, originally 2-(24.5-
TD)=2-({24,5-trichlorophenoxyipropi-
onic aeid.

24-D caused the greatest damnge to
cotton followed by 2,4.5-T, MCPA,
and silvex.* Goodman et al. (3)
reported that 2,4-D dawmaged cotton
far more than the other three herbi-
cides. Watson (4) concluded that
2,4-D and MCPA caused similar
damage to cotton, but both herbi-
citles were more toxic than 2,4,5-T
or silvex. He also observed that
low rates of these compounds had
stimulatory effects on cotton yield.
Arle (7) reported that when 24-D
was added to irrigation water, it
had a stimulatory effect on cotton
vield. He noted that foliage appli-
cations of 24-D caused a delay in
crop maturity, but during a long
growing season such a delay could
result in increased yields.

MATERIALS AND METHODS

The experiments summarized in
this bulletin were conducted at
the T.S. Cotton Field Station,
Shafter, Calif., over a period

of 6 years. For clarity they
are summarized as four major

studies, each spanning a 2-year

period.

Response of Cotton to Foliage Applications of Herbicides

Cotton, variety Acaln 442, was
treated nt the early-square, full-
bloom, and early-boll stages of
ﬁrowth with the propylene glycol
utyl ether ester formulation of
two phenoxyacetic acids—=2,4-1 and
2,4,5-T—and two phenoxypropi-

onic acids—2-(2,4-DP)? and silvex.
The herbicides were applied as
topical folinge sprays at acid equiv-
alent rates of 0.001, 0.01, and 0.1
pound in 100 gallons of water per

2. (24-dichlorophenoxy }propionic

aecid.
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2 TECHNICAL BULLETIN 1289,

acre. During the first year of the
study the Q.1-pound rate was dis-
carded after the first date of appli-
cation and was replaced by 0.0001
pound per acre. The ploés were 32
feet long. Each had a single row
in 1954 and three rows in 1955.
The experimental design was a

U.5. DEPT. OF AGRICULTURE

randomized block replicated four
times. Individwal sprayers for each
herbicide were used to avoid con-
tamination. Yield dnta were ob-
tained by hand picking a single row,
33 feet long, in each plot. Plant
malformations were pictorially re-
corded throughont the season.

Response of Cetton to Soil Applications of Herbicides

Aqueons solutions of an alkanol-
amine salt formulation of 24-D
and MCPA were injected into the
soil by attaching tractor-mounted
spraying equipment. to soil-fumiga-
tion injection shanks. The soil
injections were 6 inches deep and 10
inches from the cotton row on each
side. In 1956, 24-D was applied
at 0.5, 0.75, 1.0, and 1.5 pounds per
acre based on brondeast covernge
and in 1957 at 0.01, 0.025, 0.10, and
0.25 pound per acre. MCPA was
used at 0.25, 0.50, 0.75, and 1.0
pound per acre in 1958 and 0.10Q,
0.25, and 0.50 pound per acre in
1957. Each herbicide was applied
in 15 gallons of water per acre.

In 1956 the cotton was approxi-
mately 10 inches tall and in the mid-
square stage of development at the
time of the herbicide treatment.
In 1957 the applications were made
on two dates. At the early date

the cotton plants werc 5 to 6 inches
tall with very few squares, At the
Inter date the cotton plants were
approximately 10 inches tall and in
the midsquare stage of development
(comparable to 1956). The cotton
treated at the early date was grown
under a program of restricted irri-
gation and frequently showed
gymptoms of water stress, The
cotton treated at the Iater date re-
ceived normal irrigation,

The plots had two rows and were
130 feet long. The experimental
design was o randomized block with
three replications. Yields were ob-
tatned by machine picking both
rows. Typical abnormalities in the
plants were recorded pictorially.
Samples for seed and fiber evalua-
tions were collected in 1957 from
randomly selected plants before
harvest.

Response of Cotton to Simulated Drift Rates of an
Alkanolamine Salt Formulation of 24-D

An alkanolamine salt formula-
tion of 24-D at 0, 0.00001, 0.0001,
0.001, 0.01, and 0.1 pound in 30
eallons of water per acre was ap-
plied in 1958 and 1959 as foliar
treatments on cotton at monthly
intervals beginning on May 15 and
continning threngh Awgust 15. In
1959 the 0.00001-pound rvate was
discarded. It was vealized that 30
gallons per acre did not simulate
drift conditions, but this volume
was considered necessary to assure
zood disfribution of the herbicide

at the time of application. The ex-
perimental destgn was a2 randomized
block with five replications. Each
plot had fowr rows and was 100
feet long. However, since only the
two center rows were sprayed, two
guard rows were left between freat-
ments. Plywood shiclds were used
to confine the spraying pattern to a
uniform 60-inch band.

The plots were sprayed from 6 to
9 am. en each application date.
Wind velocities varied from & to 5
miles per hour. The spray boom
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was maintained at 14 inches above
the cotton folinge at each applica-
tion date.

The cotton-plant development at
each application date was as
follows:

Plant keight

Duate {inchde}
My 16 e 4
June 16 .. . __ 15-17
Judy 15 _ 24-36
Angust 6 ____ 40-50

Plant growth

8% true leaves.

Plant nearly at first bloon:.

Lower bolis neay full glze.

Fully developed bolls, few opened bolla on
lower half of plant.

The plots were machine larvested
at the normal picking time and
again atter o killing frost. Samples
of sced cotfon for seed and fiber
evaluation were obtnined by har-
vesting complete plints selected nt
rundom throughout ench plot betore

harvest. Plant melformations were
recorded  at  frequent intervals
throughout the season. Pietorinl
records of individual plant re-
sponses to the treatment were made
after each herbicide treatment.

Progeny Response of Cotton Treated With Herbicides

Seed was collected after several
of the herbicidoe treatments. The
seed cotlon was minned on a small
roller gin. The sceds were saved
and the fiber was submitted to the
fiber 1inborutory for evaluation,
Before planting, the seeds were acid
delinted and received n normal
fungicide trentinent, In the ncid-
delinting process, floating seeds
were disearded in 1957, but thoy
were saved in 1958, Coltonseed
from plants that recoived soil-
injected trentments of 24-D and
MCPA in 1956 was planted in the
conventional manner in the Geld on
April 15, 1957, The experimental
design was n randomized black with
four replications. The plot had
ong row and was 100 feet long,
Bmergence counts were made 14,
15, 16, L7, and 37 days after plant-
ing. Seediing vigor and growth
mulformations were recorded. The
cotton stand was equalized by hand
thinning to 26,000 plants por acre
on Muy 28, and seed cotlon yields
wers obtuined at harvest,

In 1958, the 1956 seed was agnin
planted or April 11 along with seed
swved from similar 1957 stadies.
The herbicide npplication rates in
the 1956 and 1957 studies were not

similar {see tables 7 and 8). Asin
1357, all seed received & normal
fungicide trentment before plant-
ing.  The experimental design was
n randomized block with five repli-
cations, The plot had one row and
was 100 feet long. Tmergence
counts were made 6, 7, 8, 10, 12, 17,
and 24 days after planting.  Seed-
ling vigor and growth malforma-
tions were recorded. The cotton
stand was equalized by hand thin-
ning to 32,500 plants per ncre on
May 10 and yields of seed cotton
wore obtained at harvest.
Cottouseed snved from the 1958
studies, in which cotton was treated
with foliar sprays of 24-D, was
planted in 1959. The seeds wore
acid delinted and treated with o
standard fungicide treatiment,  All
seeds, including those flonting, were
saved. Lots of 25 seeds per herbi-
cide treatment were randomly
selected und planted in rows in flats
in the greenhouse on April 10. The
seeds were uniformly planted at a
depth of 1 inch. The experimental
desizn was a randomized blocl with
five replications. Emergence
counts were mads nt 4 p.m, on 8
days after the first emergence.
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Seeds from the same lots were
also planted in nonreplicated 500-
foot rows in the field on April 6.

These plants were observed for
24-D symptoms and were har-
vested for yield in the fall.

RESULTS AND DISCUSSION
Response of Cotton to Foliage Applications of Herbicides

When the cotton plants were in
the carly-square stage of develop-
ment, the phenoxyacetic acids and
phenoxypropionic acids caused epi-
nastic responses in the plants in 2
to 3 hours. Both groups of herbi-
cides likewise produced an apparent
increase in l'e({) pigmentation. Red
pigmentation was most pronounced
after treatment with the phenoxy-
propionic acids. The secondary-
growth responses were quite
different. The phenoxyacetic acids
cansed a charactevistic “strapping”
of leaves, in which the development
of the vaseulur system of the leaf
appeared to exceed greatly the de-
velopment of the remainder of
the leaf. The vascular system of
plants treated with the phenoxypro-
plonic acids appeared to he re-
tarded, and “cupping” of the leaves
resulted rather than strapping.
Ancther characteristic of the latter
group was a temporary reduction
m the rate of elongation of the
internodes of the secondary growth.
Both groups of herbicides caused
the plants to be extremely brittle
for several seeks nfter treatment.

Seven weeks after the herbicide
treatment of cotton in the early-
square stage of development, 0.1
pound per acre of all four herbi-
cides had killed the terminals of
the cotton wlants. Only 24-D at
0.01 pound per acre had killed an
occagional terminal. The plant
terminals survived treatment at the
0.01-pound rate with 2,4,5-T, 2-(,
4-DP), and silvex. None of the
herbicide treatments caused death
of terminals when 0.001 pound per
acre was used.  Injury,as measured
by lenf malformation, was greatest

with 2,4-D, foliowed by 2,4,5-T, 2-
(2,4-DP}, and silvex. The difter-

ence in plant response to the

phenoxyacetic acids and the phe-
noxypropionic acids was very
marked.

In 1954 many of the plants in
which the terminals were killed
fniled to recover and a very poor
stand resulted. In 1955 very few
of the plants were killed and re-
growth from lateral buds occurred.
Growth from the lateral buds of
most plants appenred near normel,

Treore 1,—Plant response 1 mouth after
treatment to 0085 {(top) and 01
{bottomn) pouwd per acre of 2.4-D
applied as folinr sprays to cotton at
the early-square stage.
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Fiaure 2—Plant response 1 mosnth affer treatment to 6.001 (top) and 0.1
(bottom) pound per acre of 2.4.5-T applied as folinr sprays fo cotton at
the early-square stage,
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an indication that perhaps much of
the herbicide was effectively iso-
lated in the dead tissues. At the
end of the sexson the vegetation pro-
duced or the lateral buds showed
few symptoms of the herbicide,
except for delayed maturity. In
fact, plants whose terminals had
survived displayed much more
epinasty,

The terminals of cotton plants
ware not kitied by all rates of the
herbicides that were applied af the
full-bloom or early-boll stages of
development. Seven weeks aftar
the herbicide treatment of plants
in the full-bloom stage, only 2,4-D
had cavsed marked malformation of
the leaves, the extent of which was
correlated with the rate of applien-
tion. The other herbicides crused
only slight malformation. All her-
bicides, except at the low rate,
coused nbnormalities in the cotton
flowers. The flowers that devel-
oped after treatment had fused
petals nnd aborted rveproductive
organs. It appeared also that the
abscission layer had failed to de-
velop normally, and dead flowers
remained on the plant. Again
2,4-D caused the grentest response,
followed by 94,5-T, 2-(24-DP),
and silvex. The same phenomenon
was observed ufter herbicide trent-
ment of plants in the early-boll
stage of development. The treated
plants failed to defoliate at harvest.

Comparisons of 24-D, 24.5-T,
2-(24-DP), and silvex with regard
to plant. malformations are shown
in figures 14 on pages 4-7. The
malformation caused by 24-D to
individual plant organs 1s shown in
figure 5.

Another secondary-growth re-
sponse to the herbicide treatments
was the formation of proliferated
or gnarled callous tissue in the root-
stem transifion zone and primary-
root system. This phenomenon
waos most pronounced in 24-D-
treated plants, considerably less in
2,4,5-T-treated plants, and infre-

Ficure 3.—Plant response 1 month after
freatinent to 0.001 (top) and 01
{bottom) pound per acre of 2-{24-
DP) applied as folinr sprays to cotton
af the enrly-square sfage.

quent or absent in plants treated
with the phenoxypropionic acids.
The development of callous tissue
was pronounced when 24-D was
used at 0.1 pound per acre ou cotton
plants in both the early-square and
full-bloom stages of development
and when 0.01 pound was used on
cotton in full bloom. When 24,
5-T was used at 0.1 pound, prolifer-
ation of growth was pronounced on
plants treated in both the early-
square and full-bloom stages.

The effects of the four herbicides
on the development of callous tissue
are shown in figures 6 and 7.

The yields of seed cotton were
reduced in 1954 by all herbicides
and oll rates of applications when
treatmonts were made on cotton mn
the early-square stage of develop-
ment, as shown in table 1. Similar
results were obtained in 1953, ex-
cept that 0.001 pound per acre did
not reduce yields when 2,4,5-T, 2-
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Ficure 4 —Plant response 1 month after treatment to 0.081 (top) and 0.1
(bottom} pound per acre of silvex applied as foliar sprays to cotton at
tho early-squnre stage.

8786000 O-—83

2
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FrmuRe 5 —Typleal response of various
organs of cotton plant to foliage appli-
cations of 2:4D: A, Leaf; B, terminnl
growth; O, sguares and bracts; D,
bloom ; H, boll.

F1eURrE T.—Response of tissue in the root-
stem transitien zone of cotton to 0.1
pound per acre of 24,5T (fop) and of
silvex (bottom) applied as follar
sprays at the early-squore (E) and
full-bloom (F') stages of development.

(2,4-DP), or silvex was used,
Both 24-D and 245 T reduced
yields of seed cotton when applied
at the full-bloom stage, except when
0.0001 pound per acre was used in
1954. The 0.1- and 0.01-pound
rates of 2-(2,4-DP) reduced yields,
but the 0.001 and 0.0001 rates did
not. Similar resulis were obtained
with silvex, except that 0.001 pound
per acre reduced yields in 1955,
All herbicides reduced yields of
seed cotbon when applied at 0.1

Jr—

Fieuee B.-—Response of tissue in the
root-stem transition zone of cotton to
0.1 pound per acre of 24-D (top} and
of 2-{24D)P) ({bottom) applied a8
folinr sprays at the early-square
(E} and full-bloom (F) stages of
development.




TasLe 1.—FE ffect on seed cotton yield -of ester fommdatzo’ns of 2,4-D, 245-T, 2- (;{‘,4 -DP), and silvex applied on
different dates in 1954 and 1955

1954 yield per acre when lierbicide 1955 yield per acre when herbicide
wag applied at indicated stage was applied at indicated stage
Herbicide and rate of plant growth on— of plant growth on—

(pound per acre) Average Average
June 18 | July 23 ] August 19 June 24 | July 25 ]September]
(Early (Full (Early (Early (Full 2 (Early

square) bloom) bolt) square) bloom) boll)

Pounds Pounds Pounds Pounds Pounds Pounds
2,399 2,432 :

2, 083 2, 684
1, 452 2, 368

at 5-percent level
at 1-percent level

SEAIOIYTH qILVIZY ANV d-%°% OL NOLIOD J0 ISNOJSTY

! Not significant,
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pound per acre on cotton in the
early-boll stage, but the other rates
did not.

Yields were reduced much more
by 24-D than by the other three
herbicides in both years. Little

yield differences among the other
three herbicides could be detected.
In 1954 the phenoxypropionic acids
tended to reduce yield more than
did 24,5-T; however, in 1855 the
raverse tended to be true.

Response of Cotton to Soil Applications of Herbicides

Althongh the study spanned a
2-year period, it is impractical to
attempt to combine years becnuse
the raies of npplication were
atered. Within 3 doys after the
1956 herbicide application, typical
2,4-1) symptoms were apparent in
all 9.4-D-treated plants, whereas
only an occasional distorted leaf
could be found among MOCPA-
treated plants. On the 24-D-
trented plants, large numbers of
flowers died but did not “abscise” as
would normally be expected. The
padicels of the dead flowers re-
mained green; apparently the ab-
seission layer in the pedicel did not
develop normally. Defoliation
was likewise extremely poor on
2,4-D-treated plants. The lenves
were killed by frost but did not
abscise from the plant. These
same features were noted to =2
limited extent on the MCPA-
treated plants. Figure 8 shows the
contrast between the 24-D- and
MCPA-treated plots at harvest.

Fioune 8.—Comparison at harvest of
cotton plants tremted at the early-
square stage with soil applieations of
24-T {left) nnd MCPA (right).

Froueg 9.—Response of tlssue in the
root-stem transition zone of cotton to

various rates of 24-D {top) and
MOPA (bottom) used as slde-dresged
sofl applications at the early-square
stage.

After harvest, roots were selected
at random and were removed from
each of the treatments. The roots
wers examined and evaluated as to
the amount of sbnormality that oe-
curred in the root-stem transition
zone, The data showed that ab-
normalities were far more pro-
nounced on the 24-D-treated
plants. In figure 9 the abnormali-
ties of roots of 2,4-D-trented plants
are contrasted with ‘those of
MCPA.-treated plants.

Although statistical significance
was lacking, examination of the
zeed-index and boll-size datn In
table 2 shows that seeds from 2,4-
D-treated plants tended to be larger
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and bolls smaller thun those from seeds may have been due to fewer
MCPA-treated or untreated plants. seeds per boll,
Although the number of seeds per Injury symptoms on the foliage
boll was not determined, the trend  in 1957 were much less pronounced
toward smaller bolls and larger than in 1856, when higher rates of

TanLe 2.—FEffect of side-dressed soil applications of alkanolamine salt
formulations of 2,4-D and MCPA on cotton in 1956 and 1957

1856

Herbivide and rote Boll size
{pounds per pore)

Injury ratings !

Seed
cotion

Foliage | Tapreot

yield

Grems per
100 seeds
14. 0

15,
185,
14,
16.

14
14,
15,
14,

el e b

b Rtba

—
WWN - SO aT

Pounds
per acre

1, 512
1,025
750
500

2, 962
2, 900
2, 860
2, 750

. ot S5-pereent level. o _.
. at I-pereent level

547
795

Herbicide and rate {(pound per

Beed cotton yield when herbicides
were applied on—

acre)
June 3, 1957,

and followed by
four irrigntions

June 17, 1857,
and foliowed by
nine irrigations

Average

Pounds per acre
4, 030

4, 420
4, 200
3, 880
3,725

3, 885
4, 095

Pounds per acre
4, 205

4,310
4, 570
3, 400
2, 535

4, 463
4 140
3, 360

Pounds per
acre

4, 120

4, 365
4, 430
3, 640
3,130

4, 225

B.D. &t S-pereent level
5.1}, at I-percent level

590
820

! Based on 0 for no injury to 10 for severe injury.
* Not significant.




TasLe 3.—Efect of side-dressed soil applications of 84-D and MCPA on cotton fiber quality when two different
: wrrigation schedules were used in 1957

Effect on fiber characters ! when herbicides were applied on—

Herbicide and rate June 3, 1957, and followed by four irrigations June 17, 1957, and followed by 1iine irrigations
(pound per acre) : ; i

' UHM| M { U | T, | & | A | D |[UHM| M | U | T, | B | A | D

Nz-rig ........................ 1.05 | 0.87 83 | 1.83 7.2 485 34| 1.06 | 0.88 83| 1.83 7.9 526 54
2, : i '

0.010_ . - . . 1,06 87 821 1.88 | 7.0]| 456 3711081 .90 83| 1.83] 7.4} 539 59
025 i 1.08 91 85 ] 1. 88 77 469 40| 1.07 | .90 84 {177 7.5 536 58
10 L iiiiiles 1.08 91 84 ] 1.85 7.2 464 341 1.08 89 83 |:1.82 7.4 b47 63
MCPA25 ____________________ 1. 04 86 821 1.78 7.1 464 351 1. 05 . 87 83| 1.84 7.4 571 59
000 oo 1.o6| .90| 85| 1s8t| 7.4 467| 42| 1.04| .88| 8 |174| 7.7 504 56
P J I N 1.08 | .93 86| 1.91 7.4 477 431 1. 04| .87 84| 1.83 7.8 527 b5
50, L ool sillaal 1.08 a0 83 1 1.81 7.1 457 391 1.05 . 87 831 1.70 7.4 540 59

t Fiber characters from U.S. Dept. Agr., Crops Res., Resiilts
of 1960 Regional Cotton Variety Tests by ‘Cooperating Agri-
cultural Experiment Stations, ARS-34-30, Sept. 1961.

M—upper half mean—length in inches of half the fibers,

by weight, which contains the longer fibers.. Values ap-
proximate classer’s staple. ) ) .
}lyljfnﬁean——average length in inches of all fibers longer than
4-1neh., .
U-—uniformity—ratio of mean length to UHM expressed in

ercentage. o X )

;—fiber strength of a bundle of fibers measured on the
Stelometer with two jaws holding the fiber bundle separated
by Y4-inch spacer. Strength expressed in terms of grams
per grex. ‘

Bi—percentage elongation at break of the center }§ inch of

the fiber bundle measured for “Ty” strength on the
Stelometer. N .
A—Arealometer measurement—‘‘A” j8 a measure of the
external surface area of the fibers of a given volume of
fibrous material expressed in terms of square miillimeters
yer cubic millimeter of fibrous material. :

— Arealometer  measutement—difference ~between the
values of the specific area detéermined at ‘‘high pressure
(Ag)” and the value of the specific area determined. at

standard pressure (“A" measured above). . ‘D" is the .

measiire of the flatness of the fiber ribbon; i.e., the higher
the “D" value, the more ribbonlike are the fibera.

¢l

FEQLIADINDV  J0. 'IdEd *S'A ‘6871 NITATING TVDINHOAL

s oy SN i o i oS

i i




RESPONSE OF COTTON TO 2,4-D AND RELATED HERBICIDEZ 13

application had been used. At 0.01
pound per acre 2,4-D failed te pro-
duce injury symptoms. Only slight
symptoms were produced with
0.025 pound and moderate to severe
symptoms with 0.10 and 0.25 pound.
MCPA, at the rates used, produced
only slight to moderate injury
symptoms on the cotton leaves,
Unlike 1956, when great abnormali-
ties occurred in the root-stem tran-
sition zone of plants treated with
2,4-D, none f the 1957 treatments
caused noticeable injury.

In 1956, seed cotton yields were
drastically reduced by the 24-D
treatment, as shown in table 2. The
reduction was in direct relation to
the rate of application. The plants
treated with MCPA produced
about two or three times more
cotton than those treated with
24-D at similar rates, However,
the former produced less seed cotton
than the untreated plants.

The yields of seed cotton in 1957
were not tltered by either 24-D or
MCPA when treatments were made
at the very early-square stage and

were followed by an infrequent
irrigation schedule. When cotton
was treated 2 weeks later and a
more frequent irrigation schedule
(comparable to that of 1956) was
used, 0.25 and 0.10 pound per acre
of 2,4-D and 0.50 pound per acre of
MCFPA causéd reduced seed cotton
yields. None of the herbicide treat-
ments caused seed cotton yields to
be increased.

Examination of the 1957 fiber-
quality data for 24-D- or MCPA-
treated plants fails to indicate any
marked effects due to herbicide
treatment, as shown in table 3.
The A and D readings were differ-
ent for the two dates of herbicide
application, but close examination
of the data for fiber of untreated
plants indicates that these differ-
ences were due to the different irri-
gation treatments. The higher A
and D readings obtained for fiber
produced with nine irrigations
indicate greater immaturity of fiber
than was obtained with four
irrigations,

Response of Cotton to Simulated Drift Rates of an
Alkanolamine Salt Formulation of 24.D

The yields of seed cotton har-
vested at each of the two pickings
and the total yields are shown in
table 4. Although the yield data
for the 2 years are generally in close
agreement, certain deviations accur.
At 0.1 pound per acre 24D rve-
duced seed cotton yields at the first
picking at all dates of application
in 1938 and all dates except August
15 in 1959.

Seed cotton yields at the first
picking were also reduced by 0.01
pound per acre of 2,4-I> at all dates
of application, except on August 15
1 1958, and by similar treatments
on June 15 and July I5 in 1959
None of the other treatments caused
first-picking yield reductions.

In 1958 the second-picking data
show that yields of seed eotton were
reduced with 0.1 pound per acre of
2,4-D when applications were made
on June 15 and Angust 15. Yield
depressions with this rate of appli-
catlon appeared to be as great with
the July 15 treatment, but could
not be statistically supported. In
1959 the July 15 application of 0.1
pound per acre of 24D was the
only treatment in which the second-
picking yield wasreduced. Inboth
years second-picking yields were
significantly increased when 0.01
pound per acre of 24-D was ap-
plied on June 15, an indication that
a part of the first-picking yield loss
was recovered.




TasLe 4.—Effect on seed cotton yield of low rates of an alkanolamine salt formulation of 2.4-D applied on dif-
‘ ferent dates in 1958 and 1959 :

1968

Yield per acre at designated picking ‘when applications were made on— .
Average

Rate of 2,4-D May 15 June 15 July15 August 15
(pound per acre) ) ) -

2d 2d ) 2d Ist 2d
pick~ pick- | Total pick- pick- | pick-] Total
| ing ! ing . ing ing i

Lbs. Lbs. Lbs. . bs. Lbs.
600 678 | 4, 020 ) 3, 300
600 618 | 3,900 3, 300
600 | 4, 678-| 3,918 582 3,078
558 600 3,138
678 1,098 3,042 |
480 342 :

Average. . . _ 588 672

L.S.D. at 5-per- | o
‘cent level { 138
L.S.D. at 1-per- )
cént level 192
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2,160
2,112
2’208
2,196

540

Average.....| 1, 854

L.S.D. at 5-per-
cent level L. 408
L.S.D. at 1-per-
cent level 564

! Not significant.
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F1ouxre 10.—Reaponse € weeks after treatment of plants 4, B, and € to 0.001, 0.01,
an¢ 0.1 ponng per acre of 2,41, respectively, applied as foliar sprays to cotton

on May 15.

A pictortal record of planis
treated with 24-1> at 0.001, 0.01,
and 0.1 pound per acre in 1958 is
shown in figures 10-13. The mor-
phological symptoms produced by
04-D trentments were very similar
for both years. In each year very
slight epinastic effects were ob-
served on individual leaves of
cotton after treatment with 0.001
pound per acre of 24-1 on May 15,
but on ne other date with this rate.
No morphological symptoms were
observed with Jower rates of 2,4-D
on any of the four dates of applica-
tion. 24-1 injury symptems with
the 0.1 and 0.01 pound per acre were
observed on all four dates of appli-
cation but were different for each
date.

Note the retarded development of the central axis of plants B and €.

When 24-D treatments were
made on May 15, both 0.1 and 0.01
pound per acre arrested the termi-
nal growth of cotton plants and
eventually killed the central axis of
most plants. Lateral branches, usn-
ally three or four, developed near
the base of most plants prior to the
death of the central axis. A few
plants were killed by 0.1 pound per
acre. The new growth on the lat-
sral branches of plants treated with
0.01 pound per acre was nearly
normal, whereas epinastic effects
wers evident on many of the leaves
that developed on the Iateral
branches of plants treated with
24-D at 0.1 pound per acre,

Tateral branching had occurred
at the time of the June 15 applica-

Fisure i1l.—Response § weeks after treatment of planis 4, B, and £ to 0.001, 0.01,
and 0.1 pennd per acre of 2,4-D, respectively, applied as foliar sprays to cotton

on June 15.

Note the epinasty in the terminal growth, particularly on piant €.
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Freure 12-—Reaponse 6 weeks nfter treatment of plants 4, B, and € to 0.001, 0.01,
and 0.2 pound per acre of 2,4-D, respecfively, applied as folinr sprays to cotton

on July 15.

tion of 2,4-D, and the central axis
of most plants continued to be
dominant. The fully expanded
Jeaves remained nearly normal on
plants treated with 0.1 pound per
acre of 24-Dy, but severe epinastic
effects occurred on the vegetative
growth that developed after ireat-
ment. There were no open Howers
at the time of application, and
24-D arvested the development of
most  fruiting organs. At 0.01
pound per acre the 24-D injury
symptoms were similar to those at
the 0.1-pound rate but much less
severe. Although the vegetative
growth after tivatment was mal-
formed to a great extent, many
fruiting organs survived and pro-
duced small, poorly formed bolls.

By July 15 the cotton plants were
nearing the maximal rate of flower-
ing and had produced bolls varying
up to full size. At 0.1 pound per
acre 2,4-D caused marked epinasty
in the terminal growth of the plant
that developed after treatment and
arrested development of many flow-
ers and immature bolls. The few
mature bolls appeared to develop
normally. At 6.01 pound per acre
24-D caused symptoins very simi-
lar to those produced by treatment
made a month earlier, except that
the pronounced symptoms were con-
fined to & much smaller aren of the
plant.

In both years the cotton plants
had reached *cut-out” by August 15.
Thus there was little further termi-

Ficure 13.—Response 6 weeks after treatment of plants A, B, and € to 0.001, 0.01,
and 0.1 pound per acre of 2,41}, respectively, applied as foliar sprays to cotton

on August 15,
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nal growth, and very few epinastic
effects were observed. At 0.1 pound

r acre 24-D killed many small

115, flowers, and squares and
caused curling and death of numer-
otis mature leaves in n manner typi-
cal of contact-type herbicides. At
0.01 pound per acre 24-D caused
similar but Jess extensive symptoms,
The plants treated in August. failed
to defoliate properly. This was

particularly noticeable with 2,4-D-

at the two higher rates of applica-
tion. The herbicide treatments ap-
peared to “freeze” the leaves on the
plant by arresting the development
of the normal abscission layer in the
leaf petiole. Because (.1 and 0.01
pound per acre of 2,4-D applied on
May 15 killed the primary or cen-
tral axis of the plant, all seed cotton
was produced on lateral or second-
ary growth. This caused the plant
to be considerably shorter than nor-
mal at harvest. With 0.01 pound
per acre, epinastic effects were not
wenerally apparent in the secondary
growth, although with the higher
rate epinastic effects were marked,
an indieation that much more 24-D
was being transported in the plant.

The 0.1 and 0.01 pound per ncre
of 2,4-D applied on June 15 pro-
duced the most marked epinastic
offects of any treatment date, as
measured by the appearance of the
plants at the time of the first pick-
ing. Seed cotton yields were greatly
reduced by these treatments. The
injury produced with 0.1 pound per
acre of 24-D persisted throughout
the remainder of the season, where-
as there was some recovery with (.01
pound. This was evident hecause
this trentment was the only one in
which second-picking yields were
improved as compared with yields
of untrented plants.

The yields of cotton treatee| with
0.1 and 0.01 pound per acre of

2,4-D on July 15 likewise were re-
duced. There was no indication
from second-picking yields that
plants recovered from these treat-
ments. Production from plants
trented with these two rates of 24-D
in July was obtained mostly from
bolls that were already on the plant
at the time of treatment.

By August 15, 90 to 95 percent of
the total cotton crop can be expected
to be ‘set” on the plants. Flowers
formed by September 1 will fre-
quently produce an open boll. The
reduced total yield with 0.1 pound
per acre of 2,4-D is probably due to
the fact that treatment arrested the
development of immature balls and
prevanted boll set from flowers pro-
duced subsequent to treatment.

There was no evidence of in-
crensed seed cotton yields with
24D at any of the rates nsed on
the four application dates.

The effects of foliar applications
of 2,4-D on Aber and boll properties
are shown in table 5. These data
mndicate that none of the applica-
tion rates of 2,4-D had marked ef-
fects on fiber and bell properties
except 0.1 pound per acre.

At 0.1 pound per acre 2,4-D ap-
plied on May 15 reduced the boll
size and lowered the lint index. A
similar application made on June
15 reduced the uniformity of fiber
length, caused immaturity of fiber,
and reduced boll size. The July
application shortened fiber length,
impaired maturity, and reduced boll
size. Similar results were obtained
for the August 15 applieation in
1958, but. no detrimental effects were
observed in 1959, The experiment
was located on a lighter soil in 1959,
and this factor may well have caused
the plants to be more mature at the
time of the August application in
that year.
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Progeny Response of Cotton Treated With Herbicides

Seed was saved from certain of
the herbicide experiments in these
studies to determine the effects of
the herbicides on seed quality.
Fpctors considered were germing-
tion, seedling vigor, appearance of
seedling plants, and produectivity.

Progeny Response of Cotton
Plants Treated With Side-
Dressed Soil Applications of
24-D and MCPA

The plant-emergence data and
seed cotton yields of progeny from
1956  herbicide treatments and
grown in 1957 are shown in table 6,
‘The progeny-emergence data show
that 0.75, 1.0, and 1.5 pounds per
acre of 24-D impaired seed quality
ns reflected by reduced germination.
Delayed emergence was alse encoun-
tered with the same treatments.
The emergence from seed of the
MCPA-treated plants was not dif-
ferent from that of untreated
plants. No malformed seedlings
were observed from MOPA-treated
plants. In addition, the seedlings
as indicated by cotyledon size ap-
peared te show more vigor than
seedlings from untreated plants.
The seedlings from 24-D-treated

soe

L ! hN

Figuae 14-—Malformed first true leaves
{bottom} of pregeny of cotton plants
treated with 24-D compared with

leaves of progeny of untreated plants
{top).

plants were reduced in vigor. Ap-
proximately 10 percent of the seed-
lings from plants treated with the
1.5 pounds per acre of 24-D had
maiformed first true leaves. These
leaves were long, narrow, and crin-
kled, as shown in figure 14. Normal
seedlings were produced from
plants treated with the lower rates
of 2.4-D.

The seed cotton yields from prog-
eny of 2,4-D-treated plants were
not reduced, but a definite trend to-
ward reduced yields wasshown with
progeny of plants treated with 1.5
pounds per acre. The seed cotton
yields from progeny of plants
trented with the various rates of
MCPA were not different from each
other, nor were they different from
yields of progeny of untreated
slants. However, there appeared to

e n tendency for progeny of
MCPA-treated plants to yield more
than progeny of untreated plants.

The samne lots of seed were apgain
planted in 1958. However, slight
changes in methods occurred. The
floating seed in the delinting proc-
ess was discarded in 1957, but not in
1958. Emergence counts were made
at earher dates in 1958. It shonid
be noted that cottonseed leld in
storage for a year often will germi-
nate more rapidly than new seed.
This is vividly shown by comparing
the early-emergence dataz of 1956
lots of seed from unireated plants
grown in 1957 and 1958. (See
tnblesGand 7.}

‘The progeny response of plants
treated with herbicides in 1956 but
planted in 1958 is shown in table 7.
Ths plant-emergence data, although
collected at earlier dates, are in close
agreement with these collected a
year earlier. Jt was again shown
that plants treated with .75, 1.0,
and 1.5 pounds per acre of 24-D
produced seed of impaired quality.




Taswe 5.—FEffect of foliage applications of BJ-D on cotton fiber and seed quality tn 19568 and 1959*

19068 :
Fiber characters ? Boll characters 3 Percent
) of crop
Date and rate of 3,4-D har-
(pound per acre) ) Lock Seed Lint Lint vested
. UHM M U T, A weight | index index | percent | at lst
picking
May 15 .
IR 1.1k 0. 90 81 1,93 475 19 1.8 13.5 8.7 39.3 85
0000 .l 1. 07 . 89 83 2. 05 433 12 1,7 13. 2 8.6 39.6 85
Q008 il 1. 06 .86 81 1,495 456 15 L7 13. 0 8.6 40.0 86
001, o el 1. 10 . 89 81 1,93 475 22 1.7 13. 0 8.4 39.2 87
O oo 1. 08 . 87 81 1,98 465 16 1.6 12,9 8.6 40.0 81
K S S L 1. 10 . 89 81 2. 03 491 25 1.6 12. 5 81 39. 2 80
June 15 )

N § L 1.09 .89 82 1. 89 446 16 1.7 13.2 8.9 40. 4 83
0000 oLl 1. 07 .86 81 1. 99 460 21 1.8 13, 4 89 39. 8 84
0000l 1. 07 .85 80 1. 93 461 17 1.8 13. 1 8.2. 38, 6 83
N 111} SR I o 105 | .-83 79 1,98 497 31 1.6 13,1 8 5 39.3 85
Ol i 1. 10 . 88 80 2. 08 495 21 1.6 13. 4 8.1 37.7 67
10 S 1, 04 .79 76 2, 09 630 41 11 12, 4 8.6 41, 0 40

July 15: .
0 il 1. 08 . 86 82 1.94 450 12 1.7 13.4 9.1 40.5 86
200001 - i skl 1. 08 . 87 81 2,02 461 18 1.7 12,8 8.6 40. 2 86
o001 T TITITTT 1. 08 .89 82| 185 440 9 1.7] 13.0 8.6 39.8 86
001, i 1. 08 .91 84 1. 98 44} 16 1.8 13. 8 9,0 40. 6 84
O i 1. 08 .86 80 2. 01 457 17 1.8 13.9 9.0 38.3 81
28 S S 1,05 .82 78 1. 96 511 31 1.5 11.9 80 40. 2 76

August 15: ) ) ' : )
| NS IS SN 1,08 . 89 83 1. 99 437 10 1.8 13.9 9.4 40. 4 84
0000  CooseooillL 1.08 . 88 81 1. 98 431 9 1.7 13.0 7.8 39. 8 86
0001 - TllL 1. 06 .84 80| . 1.92 444 14 L7| 132 7.9 400 85
001 i 1.08 . 89 82 1. 83 438 14 17 13. 6 9.1 40. 1 82
O e 1,08 .87 81 2. 05 452 15 1.7 13. 9 90 39. 7 84
15 IR 1. 06 .84 79 1,95 506 32 L& 12,3 6.3 39.1 84
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TasLe 6.—Ffect of 24-D and MOPA on progeny grown in 1957 from

cotlion
herbicides

lunis treated in 1956 with side-dressed soil applications of

Herbicide and rate (pounds
per acre) of parental
treatment {1056)

Progeny emergence per 0.002 ncre at
designated days after planting

Seed
cotton
yield
per

14

acre!

Number
72

66
52
54
40

73
74
81

L.5.D. at 5-percent level___ 15
L.S.D, at I-percent level___ 20

! 26,000 plants per acre population.
? Not significant.

The 1957 data (table 6) indicate
that ¢.5 pound per acre may also
have impaired seed guality. The
1958 datn supported the evidence
insofar as delayed emergence was
concerned. The 1458 data relative
to the emergence of seed from
MCPA-treated plants again show
no evidence of impaired seed
quality.

Malformed first true leaves were
observed on progeny of plants
treated with 0.75, 1.0, and 1.5 pounds
per acre of 24-1. As in 1957 little
evidence of malformed leaves was
found on progeny of MCPA -treated
plants.

Although statistical significance
wns lacking in 1957, certain yield
trends were evident. The 1958 yield
data did not support these trends.

Progeny responses of plants
treated in 1957 with side-dressed
soil applications of 24-D and
grown in 1958 are shown in table 8.
The plant-emergence data show
that 0.25 and 0.1 pound per acre

impaired the quality of seed. These
were lower rates than those used a
year earlier, There also was some
indication that perhaps even lower
rates may have reduced germina-
tion. Progeny of plants treated
with MCPA at 0.25 and 0.5 pound
per acre in 1957 showed slight evi-
dence of reduced germination,

In the progeny of plants treated
with herbicides in 1957, there was
little if any indication of malformed
true leaves. There likewise was no
evidence of reduced seed cotton
yields.

Progeny Response of Cotlon
Planils Treated With Foliar
Applications of 24-D

The greenhouse study covered a
period of 10 days after planting.
Cotton seedlings began to emerge
on the third day and daily plant
counts were made at 4 p.m, for 8
days. The flats were left in the
greenhouse for several more days,
but no further emergence was noted.




Tase 1.—£Effect of 2,4-D and MCPA on progeny grown in 1958 from: cotton plants treated in 1956 with side-
dressed soil applications of herbicides

Herbicide and rate (pounds per acre) of
parental treatment (1956)

Progeny emergence per 0.002 acre at indicated days after

planiing

10

12

17

24

Mal-
formed
leaves per
100-foot
row

Seed-
cotton
yield per
acre !

Number

Number
- 102

Nuniber
107

Nunber
110

102
93
85
68

114
111

Number
109

Number
110

Number
110

Number
0.6

Pounds
3,125

3, 150
3,075
3, 000
2, 800

L.8.D. at 5-percent level
L.S.D. at 1-percent level
C.V. (percent)

1 32,500 plants per acre population.
1 Not significant,
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TasLe 8——E/fect of 24-D and MCPA on progeny grown in 1958 from cotton plants treated in 1957 with side-

dressed soil applications of herbicides

Herbicide and rate (pound per acre) of
parental treatment (1957)

Progeny emergence per 0.002 acre at indicated days after

planting

17

Mal-
formed
leaves per
100-foot
row

Seed
cotton
yield per
acre !

Number
29

Number
0.

Pounds
3,100

3,375
3,176
3,076
3,250

3 150

.-at 5-percent level
. at 1-percent level
(percent)

132,500 plants per acre population.
* Not sxgmﬁcant
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TABLE 9.—E'mergence ami yield of progeny grown in 1959 from cotton plants treated in 1958 with foliar applz—
cations of 24-D

Progeny emergence at indicated days after planting ! Seed

Date and rate (pound per acre) of parental 1 . eotton
treatment (1958) ] yield per

4 10 acre 2

Percent | Percent | Percent | Percent | Percent nt | Percent | Pounds

2,730
2,674
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Frauee 15.—Progeny of cotton plants
treated with varlous rates (pounds per
acre) of 24-D applied on July 15: (1)
Untreated, (2) 0.00001, (3) 0.0001, {4)
0.002, (5) 0.01, and (8) 01. Note the
abgence of germinated progeny of
plants treated with 0.1 pound per acre.

Examination of the data in table 9
shows that the quality of seed pro-
duced by plants treated with 0.1
pound per acre of 24-D in June,
July, and August was markedly im-
paired. Seed produced by plants

treated at this rate in July was so
impaired ' hat there was practically
no germination, as shown in figure
15.

128%, U.8. DEPT. OF AGRICULTURE

Seed produced by plants treated
with 0.01 pound per acre of 2,4-D
may likewise have been impaired.
Although final emergence may not
have been reduced, the rate of emer-
gence was decreased with seed from
plants treated in August. The same
trend, but to a lesser degree, ap-
peared with seed from plants
treated in July.

These conclusions were supported
by the vields of seed cotton from
the field rows. The one possible ex-
ception was yields from seed of
plants treated with 0.01 pound per
acre of 24-D applied in July.
However, the fact that this yield
row bordered a row preducing prac-
tically no cotton undoubtedly af-
fected the yield.

Observations in the field failed to
show any appreciable malformation
of leaves on the progeny of plants
treated with 2,4-D. However,a few
seedling plants of the greenhouse
study produced first true leaves that
displayed symptoms of 24-D.
These symptoms were found only
on progeny from plants treated
with 0.1 pound per acre in June,
July, and August.

SUMMARY

Lesponse of Cotton to Foliage
Applications of Herbicides

1. Low rates of the ester formu-
Iations of 24-D, 245-T, 2-(24-
DP}, or silvex caused severe injury
to cotton. The injury was corre-
ated with the rate of application
and decreased as the application
date was delayed.

2. Among the herbicides, 2,4-D
caused far oreater damage to cotton
than 2,4.5-T, 2-(2,4-DP), or silvex,
Little difference, except in morpheo-
logieal malformation, was observed
in cotton treated with the last thres
herbicides.

3. None of the herbicides at the

rates used tended to increase yields
of cotton.

4. Morphological malformations
caused by the herbicides were dis-
similar. The phenoxyacetic acid
herbicides caused  pronounced
“strapping” of Jeaves and fre-
quently caused proliferation of cal-
lous tissues in the root-stem transi-
tion zone of the plant. The phenox-
ypropionic acid hevrbicides caused
*cupping” of the leaves and showed
little tendency to cauce prolifera-
tion of root-stem tissues. All herbi-
cides retarded defoliation of the
plants and caused malformed flow-
ers.
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Response of Cotton to Seil
Applications of Herbicides

1. An alkanolamine salt formula-
tion of 24-D, when used as side-
dressed soil applications, caused
greater damage to cotton than simi-
lar treatments with an alkunola-
mine salt formulation of MCPA.
This was evidenced both by seed
cofton yields and morphological
abnormalities.

2. Neither 24-D nor MCPA at
the rates used resulted in increased
seed cotton yields.

Lesponse of Cotton to Simulated
Drift Rates of an Alkanolamine
Sals Formadation of 2,4-D

1. Cotton plants were damaged
by an alkanolamine formulation of
2,4-D at rates as Jow as 0.01 pound
per acre.

2. 24-D at concentrations that
caused marked epinasty of cotton
plants also reduced seed cotton
yields.

3. Seed cotton yields were re-
duced most drastically by applica-
tions of 24-D at 0.1 and 0.01 pound
per acre during the flowering and
fruit-setting periods of plant devel-
opment {June and July). Yields
were also depressed by these rates
of 24-1> applied to cotton in early
vegetative stages of growth, but
some recovery occurred. Although
the central axis of the plant was
killed or greatly retarded, recovery
was manifested in the development
of Iateral vegetative branches. A
part of the 24-D may have been
isolated and trapped in the dead
tissues of the plant.

4. 24-1) applied at 0.1 pound per
acre after “cut-out” of the cotton
plant reduced total yield. Vegeta-
tive growth for the most part had

ceased and few epinastic responses
were observed. The reduced yields
were probably due to the arrested
development of immature bolls.

5. Rates of 24-D as low as 0.01
pound per acre applied as foliar
sprays on cotton retarded defolia-
tion.

6. Foliar applications of 24-D
varying from 0.1 to 0.00001 pound
per acre on four different dates did
not increase cotton yields.

Progeny Response of Cotton
Treated With Herbicides

1. The data showed that cotton
plants treated with low rates of
24-D produced seed of inferior
quality.

2. The reduced quality was mani-
fested by both reduced and delayed
germination.

3. Malformed first true leaves of
progeny of plants treated with cer-
tain rates of 24-D showed that
epinastic responses could be trans-
mitted,

4. The quality of seed from
plants treated with 24-D was im-
paired markedly compared with
seed from plants treated with
MCPA.

Effect of Herdbicides on Fiber
Quality of Cotton

1. Fiber-quality data obtained on
plants treated with soil applications
of 24-D or MCPA failed to show
any marked effects due to herbicide
treatment.

2. Fiber quality was impaired by
foliar applications of 2,4-D at 0.1
pound per acre. The reduced fiber
quality was most marked with ap-
plications made in June and July.
Laittle, if any, effect on fiber quality
was observed when plants were
treated at lower rates.
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